

19/4625 



PCT/DK98/00335 

WO 99/03351 

1 

A COMP OSITION COMPRISIN G ^ ENZYME HAVING GALACTOSE OXIDASE 
ACTIVITY AND USE THE REOF^, 

FIELD OF THE INVENTION 

The present invention pertains to the field of improving the 
; rheological characteristics of flour doughs and the quality 
of baked bread products. 



TECHNICAL BACKGROUND AND PRIOR ART 

in the baking industry it is an important objective to pro- 
vide bread products which have a soft crumb structure, a high 
10 specific volume and which are not prone to staling within the 
desirable shelf life for fresh bread products. 

One prerequisite for obtaining bread products having such a 
desired quality is the provision of a dough having appropria- 
te rheological and structural characteristics. In this con- 

15 nection, the "strength- or "weakness- of doughs is an import- 
ant aspect of making farinaceous finished products from 
doughs, including baking- The "strength- or -weakness" of a 
flour dough is primarily determined by the protein content of 
the flour and in particular, the content and the quality of 

20 the gluten protein is an important factor in that respect. 

Flours with a low protein content is generally characterized 
as "weak". Thus, the cohesive, extensible, rubbery mass which 
is formed by mixing water and weak flour will usually be 
highly extensible when subjected to stress, but it will not 

25 return to its original dimensions when the stress is removed. 

Flours with a high protein content are generally characte- 
rized as "strong- flours and the mass formed by mixing such a 
flour and water will be less extensible than the mass formed 
30 from a weak flour, and stress which is applied during mixing 
will be restored without breakdown to a greater extent than 
is the case with a dough mass formed from a weak flour. 
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Strong flour is generally preferred in most baking contexts 
because of the superior rheological and handling properties 
of the dough and the superior form and texture qualities of 
the finished baked or dried products made from the strong 
5 flour dough . 



Within the bakery and milling industries it is known to use 
dough "conditioners" to strengthen the dough. Such dough 
conditioners are normally non-specific oxidizing agents such 
as e.g. iodates, peroxides, ascorbic acid, K-bromate or 
azodicarbonamide and they are added to dough with the aims of 
improving the baking performance of flour to achieve a dough 
with improved stretchability and thus having a desirable 
strength and stability. The mechanism behind this effect of 
oxidizing agents is that the flour proteins, in particular 
gluten contains thiol groups which, when they become oxi- 
dized, form disulphide bonds whereby the protein forms a more 
stable matrix resulting in a better dough quality and impro- 
vements of the volume and crumb structure of the baked pro- 
ducts . 

20 However, the use of several of the currently available oxi- 
dizing agents is either objected to by consumers or is not 
permitted by regulatory bodies and accordingly, it has been 
attempted to find alternatives to these conventional flour 
and dough additives and the prior art has i.a. suggested the 

25 use of glucose oxidase for this purpose. 

Thus, US 2,783,150 discloses the addition of glucose oxidase 
to flour to improve dough strength and texture and appearance 
of baked bread. CA 2,012,723 discloses bread improving compo- 
sitions comprising cellulolytic enzymes such as xylanases and 
30 glucose oxidase, the latter enzyme being added to reduce 

certain disadvantageous effects of the cellulolytic enzymes 
(reduced dough strength and stickiness) and it is disclosed 
that addition of glucose to the dough is required to obtain a 
sufficient glucose oxidase activity. 
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EP-B1-321 811 discloses the use of an enzyme composition 
comprising glucose oxidase and sulfhydryl oxidase in combina- 
tion to improve the rheological characteristics of doughs. It 
is mentioned in this prior art document that the use of 



In EP-B1-338 452 is disclosed an enzyme composition for 
improving dough stability, comprising a mixture of 
cellulase/hemicellulase, glucose oxidase and optionally 
sulfhydryl oxidase . 

10 However, the use of glucose oxidase as a dough improving 
additive has the limitation that this enzyme requires the 
presence of sufficient amounts of glucose as substrate in 
order to be effective in a dough system and generally, the 
glucose content in cereal flours is low. Therefore, the 

15 absence of glucose in doughs or the low content hereof in 
doughs will be a limiting factor for the effectiveness of 
glucose oxidase as a dough improving agent. Thus, it may be 
required to add sucrose or glucose as substrate to the dough 
to obtain a sufficient effect and glucose oxidase does not 

20 constantly provide a desired dough or bread improving effect 
when used alone without the addition of other enzymes. 

Recently, it has been suggested to use hexose oxidase for 
improving the quality of flour dough (WO 96/39851) . 

Cellulases and/or hemicellulases (hemicellulases are also 
25 referred to herein as pentosanases or xylanases) which cleave 
non- starch polysaccharides contained in flour are used as a 
means of improving bread quality. The cleavage of glycosidic 
bonds in the non- starch polysaccharides affects the water 
retention and water binding capacity, viscosity and proofing 
30 capacity of the dough as well as the texture, aroma, taste 
and freshness of the bread. Generally speaking, the use of 
cellulases/hemicellulases gives an improved oven spring to 
the dough and an improved bread volume, grain structure and 
anti- staling properties to the finished bakery product. 



5 glucose oxidase alone has not been successful. 
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However, the use of cellulases or hemicellulases involve 
certain undesirable side effects. In particular, it is com- 
monly observed that the addition of these enzymes to doughs 
results in that the doughs become too slack and sticky, which 
5 may cause problems. It is therefore necessary to use dosages 
of cellulases or hemicellulases which are too low for an 
optimum baking result to be achieved, so that the enzymes in 
question cannot be utilized to the full extent. At low dosage 
level, cellulases or hemicellulases make the mechanical 
10 handling of the dough easier whereas the effect of such 
enzymes on the process tolerance (dough stability) may be 
insufficient when used alone and accordingly, emulsifiers 
have to be used as additives. 

It has now been found that the above problems associated with 
15 the use of cellulases or hemicellulases in flour doughs can 
be reduced or prevented by using these enzymes in combination 
with an oxidoreductase such as galactose oxidase under condi- 
tions where sufficient substrate for the latter enzyme is 
present in the dough. Therefore, by using such a combination 
20 of enzymes it has become possible to achieve the maximum 

effect of cellulases or hemicellulases, including the use of 
these enzymes in high amounts in doughs without the occur- 
rence of stickiness and/or slackness herein. 

Being an oxidoreductase, galactose oxidase will, in addition 
25 to the above effects, provide the dough strengthening effect 
and thereby improve the rheological characteristics of flour 
doughs as a result of formation of disulphide bonds in S- 
containing amino acids and also, as it was demonstrated by 
the inventors, as the result of binding ferulic acid binding 
30 to other ferulic acid moieties. 

Galactose oxidase (D- galactose: oxygen 6 -oxidoreductase, EC 
1.1.3.9) is an enzyme which in the presence of oxygen is 
capable of oxidizing galactose to the corresponding lactone, 
D-galacto-hexodialdose with subsequent hydrolysis to the 
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aldobionic acid. Accordingly, the oxidation catalvz^ * 
galactose can be illustrated as follows: CatalyZSd by 

D-Galactc.se + o 2 - — > 7-D-galacto-hexodialdose + h 2 0 2 

use ^^Te^~^^ douVh"7s" S^eHr 

Possible ^i^^^^^^ 9 su ffl cLl " 

10 SUMMARY OP THE IITVENTION 

Accordingly, the invention relates in a 

composition comprising as a firl V t0 a 

galactose oxidase acuity and ! " 

oxidizable substrate f "r the ! * ^ COmP ° nent " 
activitv ^ haVin9 9 a ^ctose oxidase 

activity and/or an enzyme which is capable of ™„ • 

galactose-containing compound into a sZl^^T^ * 
having galactose oxidase activity. < " IW 

pL^'aT" 3 ; the invention pertains to * °* 

aZn t o f C ° mpriSing - the dough an 

ount of the above composition which is sufficient- ^ ■ 

an amount of an enzyme having galactose oxIdLT - 
the dough which is in the range of To 000 ^ 

- -our and a method of preying ~ * 

pnsxng baking such a flour dough. Product, com- 

the^b 3 fUrth6r aSPeCt ' inVentl ° n to the use of 

throve compositions as dough and/or bread improving " 
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DETAILED DISCLOSURE OF THE INVENTION 

In accordance with the invention, any such enzyme which under 
dough conditions is capable of oxidizing a substrate nat- 
urally present in the dough or being generated in the dough 
5 is encompassed by the scope of the invention. 

A presently preferred oxidoreductase is an enzyme having 
galactose oxidase activity including the above D- 
galactose : oxygen 6 -oxidoreductase, EC 1.1.3.9 and other 
oxidoreductases which in the presence of oxygen are capable 
10 of oxidizing D-galactose. Such enzymes include e.g. hexose 
oxidase (EC 1.1.3.5), L- Sorbose oxidase (EC 1.1.3.11). Such 
other oxidoreductases are encompassed by the invention. 

A suitable enzyme having galactose oxidase activity can be 
derived from any natural source including a plant, a 
15 prokaryotic organism such as a bacterial species, a 

eucaryotic organism such as a fungal species, including a 
yeast species and a species of filamentous fungi. Other 
possible sources are animal tissues. 

It is well-known that crude ferments e.g. of filamentous 
20 fungi contain a multiplicity of enzyme activities. It is 
possible that such crude enzyme preparations may contain 
galactose oxidase activity, and they may therefore serve as 
sources of an least partially purified galactose oxidase 
preparation. In this connection it is contemplated that 
25 specific species of organisms can be selected which have a 
particularly high production of galactose oxidase. Such 
selected strains may be improved with respect to their pro- 
duction of galactose oxidase by any conventional strain 
improvement method, e.g. using random mutagenesis or site- 
30 directed mutagenesis. 

The natural content of immediately oxidizable substrates for 
a galactose oxidase active enzyme is, as it is mentioned 
above, so low in cereal flours that any significant oxidizing 
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effect of galactose oxidase in a flour dough cannot be 
expected unless there is provided in the composition of the 
invention or in the dough an appropriate amount of oxidizable 
substrate for the galactose oxidase or an extremely high 
5 amount of galactose oxidase is added. 

In accordance with the invention, the composition therefore 
contains an oxidizable substrate for the galactose oxidase 
and/or an enzyme which is capable of converting a galactose - 
containing compound into a substrate for the galactose 
10 oxidase. 

Although D- galactose as free molecules is the obvious oxidiz- 
able substrate for an oxidoreductase having galactose oxidase 
activity, useful substrates for the enzyme include any 
galactose- containing compound, in which galactose moieties 
15 are present in a position and a configuration where they can 
be oxidized by galactose oxidase. 

Cereal flour has a naturally content of non- starch poly- 
saccharides comprising gal^c&ose moieties as structural 
elements, in particular henfifcgllulose compounds, including 
0 compounds which are generalT^fref erred in the art as pento- 
sans or xylans. It was found that such structural components 
hereof are useful substrates foir galactose oxidase. 

One such useful substrate for galactose oxidase is a hydroly- 
sis product of arabinogalactan, which is a component of the 

25 water soluble pentosans naturally present in cereal flours. 
Arabinogalactan derived from wheat and other cereal grains, 
such as rye, barley, rice, millet and oat is a glycoprotein 
consisting predominantly of a galactose- and arabinose- con- 
taining polysaccharide and a protein. In flour the content of 

3 0 arabinogalactan glycoprotein is typically in the range of 
0.2-0.4 wt%. 

Arabinogalactans are highly branched structures in which 
galactose residues are glycosidically bonded to each other 
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with 0-(l->3)- and 0 (l->6) -linkages to form galactan chains. 
Single arabinose units are bonded 0-glycosidically to the 
galactan chains. The complete depolymerisation of arabinoga- 
lactan requires the steps of cleaving arabinose from the 
5 galactan chain by means of an arabinofuranosidase, 

hydrolysing 0-(l->3)- and /S (l->6) -linkages by means of 
galactanases to obtain oligomeric or dimeric galactose resi- 
dues and finally releasing single galactose units by reacting 
the oligomers or dimers with a j8-galactosidase . 

10 in accordance with the invention, any of the above end pro- 
ducts from hydrolysis of arabinogalactans has been shown to 
be suitable substrates for galactose oxidase. Particularly, 
it was surprisingly found that galactose moieties when pre- 
sent in a galactan is significantly more accessible to oxida- 

15 tion by the galactose oxidase than are galactose monomers. 

in suitable embodiments, the galactose oxidase- containing 
composition according to the invention therefore includes a 
substrate compound which is selected from the group consist- 
ing of a galactan, a galactose oligomer or dimer, or 
20 galactose. 



30 



It is also contemplated that lactose^ which e.g. can be 
incorporated in a flour dough Sfca-the form of milk powder, can 
be used as a substrate compound for galactose oxidase. 

In certain preferred embodiments of the invention, the 
25 galactose oxidase -containing composition comprises as a 

second component an enzyme which is capable of converting a 
galactose -containing compound which is not in itself a 
substrate for the galactose oxidase into a substrate for the 
galactose oxidase. The galactose -containing compound to be 
converted may also be a compound which can act as a substrate 
for the galactose oxidase, but which by being treated with a 
second component enzyme is converted to a product which is 
more readily oxidized by galactose oxidase. 
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Thus, the formation of an oxidizable substrate in the dough 
for the galactose oxidase by such a second component enzyme 
would result in the following reactions: 



hydrolysing enzyme 

5 Substrate I - "» °xidizable substrate 

I 

| galactose oxidase 



10 



15 



20 



25 



H,0 



2 U 2 
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Such a convertible galactose- containing compound (substrate 
I) can either be a compound which is naturally present xn 
cereal flour in an amount which, by the enzymatic activity of 
the above second component hydrolysing enzyme, is suffxcxent 
to provide the required oxidizable substrate for the 
galactose oxidase or a component hereof, or. if such a 
substrate compound is not present in sufficient amount in the 
flour, it can be added to the composition of the invention in 
the required amount. 

The galactose-containing substrate compound may be one which 
is not naturally present in cereal flours such as e.g. a gum 
including guar gum and locust bean gum. However, xt xs a 
significant aspect of the invention that the substrate com- 
pound for the second component enzyme can be a galactose- 
containing compound naturally present in cereal flour such as 
compounds which are generally referred to as hemicellulose, 
pentosans or xylans. 

in accordance with the invention, a suitable second component 
enzyme is an enzyme which can hydrolyse or otherwise degrade 
galactose-containing compounds or structural components 
hereof to provide an oxidizable substrate for galactose 
oxidase, in this connection, particularly useful enzymes 
include a hemicellulase, a pentosanase, a xylanase, an ara- 
binofuranosidase, a galactanase, a mannanase and a 0-galacto- 
sidase. 
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In accordance with the invention, the galactose oxidase- 
containing composition may comprise further components which 
are conventionally used in dough or bread improver composi- 
tions. Such further components include e.g. further enzyme 
5 components such as cellulases, starch degrading enzyme, 

including amylases and pullulanases, lipases, proteases and 
oxidoreductases other than galactose oxidase, and conven- 
tional non - enzymi c dough addi tive compou nds including as 
examples leavening agents, emulsifiers, preserving agents, 
10 oxidizing agents such as e.g. iodates , peroxides , ascorbic 
acid, K-bromate or azodicarbonamide . 

It is an interesting aspect of the invention that the amount 
and the type of the second component of the composition can 
be selected so as to obtain any specifically desirable level 
15 of activity of the oxidoreductase . 

The composition of the invention is suitably provided with an 
amount of galactose oxidase which is in the range of 1 to 
10,000 units (Sigma) pr g, one Sigma unit being defined as 
the amount of galactose oxidase which will produce a AA 425 of 

20 1.0 per minute at pH 6.0 at 25°C in a peroxidase and o- 

tolidine system, reaction volume of 3.4 ml and light passage 
of 1 cm (G. Avigad et al . , J. Biol. Chem. 237:2736, 1962). In 
useful embodiments, the amount of galactose oxidase is in the 
range of 100 to 5,000 units per g, such as 500 to 4,000 

25 units. 

For certain applications, it is desirable to provide the 
galactose oxidase in a substantially pure form e.g. as a 
preparation essentially without other proteins or non-protein 
contaminants and accordingly, a relatively crude enzyme 
30 preparation resulting from a conventional procedure of ex- 
tracting and isolating the enzyme from a source organism may 
be subjected to further purification steps such as further 
chromatography steps, gel filtration or chromatof ocusing. 
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in further aspects, the invention pertains to a method of 
preparing a flour dough comprising adding to the dough an 
amount of the above composition which is sufficient to obtaxn 
an amount of galactose oxidase in the dough which is in the 
5 range of l to 10,000 units per kg of flour and a method of 
preparing a bakery product, comprising baking such a flour 
dough . 

in a preferred embodiment of the method according to the 
invention, a flour dough is prepared by mixing flour with 
10 water, a leavening agent such as yeast or a conventional 
chemical leavening agent, and an effective amount of 
galactose oxidase- containing composition under dough forming 
conditions. It is, however, within the scope of the invention 
that further components can be added to the dough mixture. 

15 Typically, such further dough components include conventio- 
nally used dough components such as salt, a sweetening agent 
such as sugars, syrups or artificial sweetening agents, lipid 
substances including shortening, margarine, butter or an 
animal or vegetable oil and one or more conventional dough 

20 additives such as emulsifying agents, starch degrading 

enzymes, cellulose degrading enzymes, proteases, lipases, 
non-specific oxidizing agents such as those mentioned above, 
flavouring agents, lactic acid bacterial cultures, vitamins, 
minerals, hydrocolloids such as alginates, carrageenans , 

25 pectins, vegetable gums including e.g. guar gum and locust 
bean gum, and dietary fiber substances. 

Conventional emulsifiers used in making flour dough products 
include as examples monoglycerides, diacetyl tartaric acid 
esters of mono- and diglycerides of fatty acids, and leci- 

30 thins e.g. obtained from soya. Among starch degrading 

enzymes, amylases are particularly useful as dough improving 
additives, a-amylase breaks down starch into dextrins which 
are further broken down by 0-amylase into maltose. Other 
useful starch degrading enzymes which may be added to a dough 

35 composition include glucoamylases and pullulanases . In the 
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present context, further interesting enzymes are xylanases 
and other oxidoreductases such as hexose oxidase, glucose 
oxidase, pyranose oxidase and sulfhydryl oxidase. 

5 One preferred flour is wheat flour, but doughs comprising 
flour derived from other cereal species such as from rice, 
maize, barley, rye and durra are also contemplated. 

The dough is prepared by admixing flour, water, the oxidore- 
ductase according to the invention and other possible ingre- 

10 dients and additives. The composition according to the inven- 
tion can be added together with any dough ingredient includ- 
ing the water or dough ingredient mixture or with any addi- 
tive or additive mixture. The dough can be prepared by any 
conventional dough preparation method common in the baking 

15 industry or in any other industry making flour dough based 
products . 

The amount of the composition added normally is an amount 
which results in the presence in the finished dough of 1 to 
10,000 units of galactose oxidase per kg of flour, preferably 
20 5 to 5000 units such as 10 to 1000 units. In useful embodi- 
ments, the amount is in the range of 20 to 500 units per kg 
of flour. 

The effect of the galactose oxidase on the rheological pro- 
perties of the dough can be measured by standard methods 

25 according to the International Association of Cereal Chemis- 
try (ICC) and the American Association of Cereal Chemistry 
(AACC) including the amylograph method (ICC 126) , the farino- 
graph method (AACC 54-21) and the extensigraph method (AACC 
54-10) . The extensigraph method measures e.g. the doughs 

30 ability to retain gas evolved by yeast and the ability to 
withstand proofing. In effect, the extensigraph method 
measures the relative strength of a dough. A strong dough 
exhibits a higher and, in some cases, a longer extensigraph 
curve than does a weak dough. AACC method 54-10 defines the 

35 extensigraph in the following manner: "the extensigraph 
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records a load- extension curve for a test piece of dough 
until it breaks. Characteristics of load- extension curves or 
extensigrams are used to assess general quality of flour and 
its responses to improving agents". 

5 In a preferred embodiment of the method according to the 

invention, the resistance to extension of the dough in terms 
of the ratio between the resistance to extension (height of 
curve, B) and the extensibility (length of curve, C) , i.e. 
the B/C ratio as measured by the AACC method 54-10 is 
10 increased by at least 10% relative to that of an otherwise 
similar dough not containing galactose oxidase. In more pre- 
ferred embodiments, the resistance to extension is increased 
by at least 20%, such as at least 50% and in particular by at 
least 100%. 

15 The method according to the invention can be used for any 

type of flour dough with the aims of improving the rheologi- 
cal properties hereof and the quality of the finished prod- 
ucts made from the particular type of dough. Thus, the method 
is highly suitable for the making of conventional types of 

20 yeast leavened bread products including wheat flour based 
bread products such as loaves and rolls. However, it is 
contemplated that the method also can improve the properties 
of doughs in which leavening is caused by the addition of 
chemical leavening agents, including sweet bakery products 

25 such as cake products including as examples pound cakes and 
muffins, or scones. 

In one interesting aspect, the method of the invention is 
used to improve the rheological properties of doughs intended 
for noodle products including "white noodles" and "Chinese 

30 noodles" and to improve the textural qualities of the fi- 
nished noodle products. A typical basic recipe for the manu- 
facturing of noodles comprises the following ingredients: 
wheat flour 100 parts, salt 0.5 parts and water 3 3 parts. The 
noodles are typically prepared by mixing the ingredients in 

35 an appropriate mixing apparatus followed by rolling out the 
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noodle dough using an appropriate noodle machine to form the 
noodle strings which are subsequently air dried. 

The quality of the finished noodles is assessed i.a. by their 
The quality ..^^v-p The noodles should cook 

. TZ^JZZ- ^rf^aLr cooking and should 
Preferably not loose any solids to the cooking water. On 
feeing /he noodles should preferably have a 
surface not showing stickiness and provide a firm bite 
a good mouthfeel. Furthermore, it is important that the 
10 noodles have a light colour. 

Since the appropriateness of wheat flour for providing 
S n odLs havfng the desired textural and eating ^-ies ^y 
vary according to the year and the growth area, it ib usual 
• Io add noodle "improvers to the dough in order to compensate 
15 for sub-optimal quality of the flour. Typically, ^ 

improvers will comprise dietary fiber substances, vegetable 
nroteins emulsifiers and hydrocolloids such as e.g. al 
Tinates carrageenans, pectins, vegetable gums including guar 
gum and locust bean gum, and amylases. 

20 It is therefore an important aspect of the invention that the 
galactose oxidase- containing composition accords to the 
invention is useful as a noodle improving agent, optionally 
in cognation with other components currently used to 
Lprove the quality of noodles. Thus, it is contemplated that 
p ^ . ,^ nr ,. nf , e witn the above method will 

25 noodles prepared in accordance with ^ 

have improved properties with respect to coio 

eating Qualities including a firm, elastic and non- sticky 

texture and consistency. 

In a further useful embodiment the dough which is P-pared by 
30 the method according to the invention is a dough for prepar- 
ing an alimentary paste product. Such products wh ichinclud e 
as examples spaghetti and maccaroni are typically prepared 

romTdough Uprising as the main ingredients flour such as 
e.g. Semolina, water and/or and eggs. After mixing of the 
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ingredient, the dough is formed to the desired type of paste 
product and air dried. It is contemplated that the addition 
to a paste dough will have a significant improving effect on 
the extensibility and stability hereof resulting in a fin- 
ished paste product having improved textural and eating 
qualities. 



10 



In a still further aspect, the invention relates to the use 
of a galactose oxidase as a dough and/or bread improving 
agent. In specific embodiments, such use include that the 
galactose oxidase is added to the dough ingredients, dough 
additives or the dough in the form of a preparation substan- 
tially not containing other enzyme activities, i.e. as a at 
least partially purified preparation, e.g. based on a crude 
enzyme extract or a fermentation medium in which a galactose 
15 oxidase producing organism has been cultivated. 

For certain purposes where it is not required to use such a 
purified enzyme preparation, the galactose oxidase can be 
provided in the form of a crude enzyme preparation. 



20 



The invention is further illustrated by the following, non- 
limiting examples and by the drawing wherein 



Figure 1 illustrates oxidation of 2,2' -azino-bis (3-ethylbenz- 
thiazoline- 6 -sulfonic acid) (ABTS) in a reaction mixture con- 
taining ABTS, galactose oxidase, arabinogalactan and one of 
the enzyme preparations: (i) Pectolytic enzyme 2524-70 (P70) , 
25 (ii) Pectolytic enzyme 2524-71 (P71) and (iii) Grindamyl S 
100, respectively (10 mg/ml) , 

Figure 2 shows the pH dependency of the reaction between 
arabinogalactan and the crude Aspergillus enzyme preparation 
P70, 



Figure 3 illustrates the rate of generation of oxidizable 
substrate for galactose oxidase from arabinogalactan reacted 
with the crude enzyme preparation P70, determined by the ABTS 
assay, and 
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Figure 4 illustrates the oxidation by galactose oxidase of 
the following galactose- containing substrate: (i) galactose, 
(ii) di-galactose and (iii) arabinogalactan (5 mg/ml) treated 
with 300 fil of arabinofuranosidase (64U/ml) . 



5 EXAMPLE 1 

A water soluble preparation of pentosans (WSP) was isolated 
from Thesee flour as described by Faurot et al., Lebensm. - 
Wiss. u -Technol. 28:436-444, 1995. 

The WSP preparation was used as the source for isolating 
10 arabinogalactan, which in turn was used as substrate to 

determine the oxidizing activity of galactose oxidase. The 
WSP preparation can also be used as a source of arabinoxylan. 

T,i ^f^Mnn o <= *™M noaa.1 a rtan from water soluble . 

pentosans . 

15 Pfiaaents 

Amyloglycosidase solution: 10 mg/ml amyloglycosidase (101332, 
Merck) was dissolved in 0.01 M acetate buffer, pH 5.0. 

Pronase solution: 10 mg/ml pronase (165921, Boehringer Mann- 
heim) was dissolved in 0.5 M phosphate buffer, pH 7.5. 

20 Procedure 

25 g WSP (Thesee flour) was added to 880 ml Millipore water 
and pH was adjusted to 5.5. The resulting solution was 
stirred overnight. 10 ml of amyloglucosidase solution was 
added and the enzyme reaction was allowed to proceed for 2 
25 hours at 40°C under stirring. The pH was adjusted to 7.5 by 
addition of 100 ml phosphate buffer. Subsequently, 10 ml 
pronase solution was added and the resulting mixture was 
incubated at 40°C for 2 hours. The mixture was heated to 95°C 
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and kept at this temperature for 10 minutes to inactivate the 
pronase. Subsequently, the mixture was cooled to room tem- 
perature and centrifuged for 30 minutes at 4"C (12,000 * g) . 
The resulting supernatant was adjusted with 96% ethanol to 
5 obtain a pentosan solution at a concentration of 60. (v/v) 
ethanol - 

Drpri pitatinn of a rahinoxvlan,,, 

The above obtained pentosan solution was submitted to pre- 
cipitation for 1 hour at 4<>C, the precipitate was washed 
10 twL with 60% ethanol on a glass filter (No. 2) using vacuum 
without drying the precipitate totally. Subsequent washes 
of the precipitate with 96% ethanol, absolute ethanol and 
finally with acetone resulted in a precipitate of arabmoxyl- 
an which was dried at 35 °C overnight. 

15 Tanlation of a ra v ' < ' 1 "T l1at:tan - 

The supernatant obtained after the above precipitation of 
arabinoxylan was adjusted to 80% ethanol and subjected to 
precipitation of arabinogalactan. The precipitate was dis- 
solved in Millipore water (2% w/v) , precipitated in 80* 
20 ethanol, the supernatant was discarded and the ^ec^e 
was centrifuged at 12,000 x g for 30 minutes at 4 C. The 

resulting pellet was dissolved in Millipore water and freeze- 

dried . 

1 ~ ^ ^^rm of rnHfHwhl * subnt-r^fPB for galactose 
25 nvidase frnm arab -8 "r»qa 1 aetan 

The generation of oxidizable substrates from arabinogalactan 
was tested by treating the above arabinogalactan solution 
with 3 different enzyme preparations. 

The ability of the resulting enzyme treated solutions to act 
30 as substrate by galactose oxidase resulting in production of 
8,0, was tested using ABTS. Oxidation of ABTS by the produced 
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H 2 0 2 will, in the presence of a peroxidase, lead to the 
formation of a coloured compound which can be detected by 
measuring the optical density (OD) of the reaction mixtures 
at 420 nm. 

5 250 fil of the above precipitated arabinogalactan dissolved in 
0.1 M Na-acetate buffer (20 mg/ml) , P H 5.0, was incubated at 
room temperature for 90 minutes with 5 /xl of the following 
enzyme preparations: 

(i) Pectolytic enzyme 2524-70 (P70) (10 mg/ml), Danisco 

10 ingredients. This preparation is a crude ferment of Aspergil- 
lus niger containing several enzyme activities such as pecto- 
lytic activity, 

(ii) Pectolytic enzyme 2524-71 (P71) (10 mg/ml), Danisco 
ingredients. This preparation is also a crude ferment of 

15 Aspergillus niger containing several enzyme activities such 
as pectolytic activity, and 

(iii) Grindamyl S 100 (10 mg/ml), Danisco Ingredients. This 
commercial enzyme product is also a crude ferment of Asper- 

20 gillus niger which is used mainly as a source of amylase and 
xylanase activities. 

The enzymatic reactions were terminated by boiling for 5 
minutes. The samples were centrifuged at 12,000 x g and the 
supernatants were used for further testing with the ABTS 
25 assay. 

i . s> , l . ABTS assay 

ABTS assay reaction mixture: 6.25 mg ABTS (Sigma A- 1888) 
dissolved in 10 ml 0.1 M Na-phosphate buffer, pH 6.4 is mixed 
with 160 /xl galactose oxidase (30 units/ml) (Sigma G-7400) 
30 and 160 fil peroxidase (200 U/ml) (Sigma P-8124) . 0.1 M Na- 
phosphate buffer, pH 6.4, is added ad 25 ml. 



f 
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The ABTS reaction mixture is incubated with a potential 
substrate for galactose oxidase to be tested and the absor- 
bance at 42 0 nm is read immediately. 

1.2.2. The effect of treating arabinoaalactan with the above 
5 enzyme preparations (i) . (ii) and (iii) on the generation of 

... oxidizable substrates for galactose oxidase 

800 fxl ABTS reaction mixture was incubated with 50 fil enzyme- 
treated arabinogalactan solution in cuvettes for 30 minutes 
at room temperature. The absorbance at 420 nm was read iitime- 

10 diately. The results are shown in Figure 1. It can be seen 
that when arabinogalactan was treated with the P70 prepara- 
tion it resulted in the formation of oxidizable substrates 
for galactose oxidase whereas the treatment with P71 and 
Grindamyl S 100 did not result in the formation of oxidizable 

15 substrates at pH 5.0. Experiments performed with P71 at pH 
3.0, however, did result in oxidizable substrates for 
galactose oxidase . 

1.2.3. The effect of pH on the generation of oxidizable 
substrates for galactose oxidase from P70 treated arabinoga- 

20 lactan 

800 pi ABTS reaction mixture was incubated at pH values in 
the range of 3 to 7 with 50 /il enzyme- treated arabinogalactan 
solution in cuvettes for 30 minutes at room temperature. The 
absorbance at 420 nm was read immediately. The results are 
25 shown in Figure 2 . It appears that high levels of oxidizable 
substrates were generated at pH values in the range of 3.5 to 
6, with a pH optimum about 5. At pH 3 only 34% of the maximum 
activity was detected and at pH 7 an activity of only 12 % of 
the maximum activity was obtained. 
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i ?. 4. The pffect of inn.hat j nn Mme on the generation pf 
«v^<«.hlP auhatr ^tp for galactose oxidase by P70 

300 Ml arabinogalactan (20 mg/ml) was incubated with 5 pi P70 
and the enzyme reaction was stopped at different time inter- 
5 vals. The generation of oxidizable substrates for galactose 
oxidase was detected using the ABTS assay . The results are 
shown i Figure 3. Prom the figure it is evident, that the 
rate of generation of oxidizable substrate was particularly 
high during the first 15 minutes. After 30 minutes of reac- 
10 tion there was a maximum level of galactose oxidase oxida- 
tion, increasing the reaction time further did not increase 
the release of oxidizable substrates further. 



15 



20 



25 



1.2.5 



TrtantlficaUnn of arahlnnoal antan degrading enzyme 



art-ivities presen t- in P70 

P70 was fractionated by hydrophobic interaction chromato- 
graphy (HIC) and the fractions were screened for several 
enzymatic activities. 

p-nitrophenyl 0-D-galactopyranoside (pNPG) and p-nitrophenyl 
6-O-0-D-galactopyranosyl-|3-D-galactopyranoside (pNPGG) were 
used as substrates to detect 0-galactosidase and l->6-galac- 
tanase activities, detecting respectively enzymes releasing 
single galactose units and enzymes capable of releasing the 
l->6 bound galactose dimer from a paranitrophenol unit. The 
fractions were also screened for arabinofuranosidase activity 
using p-nitrophenyl a-L-arabinofuranoside (pNPA) and for 
endo-xylanase activity. 

Galactosidase activity was detected in two peaks around 
fraction 10 and fraction 17, whereas l->6 galactanase acti- 
vity represented a single peak (fractions 8 and 9) . Released 
3 0 reducing sugars followed arabinofuranosidase activity, mainly 
in fractions 8 and 9. 
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The release of arabinose and di-galactose from arabinogalac- 
tan corresponded to activities measured on p-nitrophenyl 
substrates, maximum arabinose was released in fraction 8, 
whereas di-galactose had a maximum around fraction 9. The 
5 release of galactose was only observed in fractions 8 and 9. 
Thus fractions 8 and 9 contained arabinofuranosidase, activi- 
ties releasing di-galactose and activities releasing 
galactose units. 

Endo-xylanase activity was found in fractions 12 and 13. 
10 EXAMPLE 2 

fw-ir^t-ion of qa-i^i-r.gg-c o nt-^THna compounds by galactose 
oxidase 

Three different galactose- containing compounds were compared 
as substrates for galactose oxidase: (i) arabinogalactan 

15 treated with arabinofuranosidase. i.e. arabinogalactan with 
arabinose cleaved off, (ii) galactose and (iii) di-galactose 
(Figure 4). It can be seen that arabinose- free arabinogalac- 
tan was the most favourable of the tested substrates when 
compared on a galactose oxidase equivalent basis. Di- 

2 0 galactose was oxidized nearly as good, but galactose was 

about three times less effective as substrate for galactose 
oxidase as compared to arabinofuranosidase treated arabinoga- 
lactan. 

EXAMPLE 3 

25 tv,p Affect o * n *iar.r.n*a oxidase on flour jn a model dough 
system 

», i nm-^nina w Hf^a aalar-t.ose oxidase from a crude 
galactose oxidase p reparation 

A commercially available galactose oxidase preparation is the 
30 crude ferment of the enzyme from Sigma, catalogue No. G7400. 
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This preparation contains a mixture of enzyme activities and 
it was purified to ensure that any oxidative effect obtained 
was solely a result of galactose oxidase activity. G7400 is 
provided as an amount of lyophilized powder of a crude enzyme 
5 preparation containing a declared activity of 10,000 Sigma 
units. The preparation was purified in the following 3 steps: 



1) The 10,000 units of galactose oxidase was dissolved in 60 
ml of water and filtered through a GP/B filter and 
subsequently through a 0.45 fim filter. This filtrate was 

10 applied to a 550 ml Sephadex G25 C desalting column 

(XK50 # 5 x 28.5 cm) . The column was equilibrated in 20 mM 
triethanolamine (TEA) buffer, pH 7 . 3 and eluted at a flow 
rate of 15 ml /minute. 

2) The eluate resulting from the above step was applied to a 
15 column with 20 ml Q-sepharose 15 (XK16) equilibrated in 

2 0 mM triethanolamine, pH 7.3. The column was washed with 
the equilibration buffer and the bound proteins eluted 
using 1 M NaCl in equilibration buffer. The column was 
eluted at a rate of 5 ml/minute. Fractions containing 
20 galactose oxidase activity were collected and pooled. 

3) The above pooled sample was further purified by 
hydrophobic interaction chromatography applying the 
sample to a 20 ml Source Q15 column (XK16) . The column 
was washed with 1 M ammonium sulphate in 2 0 mM Na-ace- 

25 tate, pH 5.0. The column was eluted using 20 mM Na-ace- 

tate, pH 5.0 at a rate of 5 ml /minute. Fractions contain- 
ing galactose oxidase activity as determined by the below 
assay, were collected and pooled. 

Galacotse oxidase activity was determined by an agarose 
30 plate assay according to the following procedure: 

(i) A substrate solution was prepared by mixing 3.4 g of 
D- galactose and 44.4 mg of ABTS in a 100 volumetric flasJc 
followed by adding 60 ml of 0.1M degassed Na-acetate 
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buffer, pH 5.6, 1 ml of peroxidase solution and 0-0088 g 
of L-ascorbic acid. Additional buffer was added to 100 
ml . 

(ii) An agarose solution was prepared by dissolving 2 g 
5 of agarose in 100 ml of the above buffer at 70 °C. 

(iii) Equal volumes of the substrate solution (pre-heated 
to 70°C) and the heated agarose solution was combined and 
poured into petri dishes. After solidifying, wells were 
made in the substrate/agarose medium which were loaded 

10 with fraction samples. The plates were incubated at 40°C 

and the presence of galactose oxidase activity in a 
sample was detected by the occurrence of a dark green 
zone aroud the loaded wells. 

The eluted protein was subjected to SDS-PAGE and silver 
15 stained and based on the fact that only one visible band at 
about 75 kDa in the gel was found it was concluded that the 
crude preparation had been purified to only contain galactose 
oxidase. The purified galactose oxidase was labelled with 
2524-122-2 and the labelled enzyme preparation contained 69.4 
20 units per ml. 

3.2. The effect of purified galactose oxidase on crosslinking 
between thiol groups in a wheat flour model dough system 

The effect of the above purified galactose oxidase alone and 
in combination with P70 (Pectolytic enzyme 2524-70, Danisco 
25 Ingredients) on the formation of thiol group cross-linking 

was studied by measuring the content of free thiol groups in 
a model dough system. 

3.2.1. Reagents 



(i) 0.558 g of EDTA and 12.114 g TRIS is dissolved in 

30 distilled water ad 500 ml. pH was adjusted to 8 . 0 with HC1; 

(ii) 0.396 g of 5 , 5 ' -dithio-bis (2 -nitrobenzoic acid) (DTNB) 
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was dissolved in reagent (i) ad 50 ml. This reagent is sensi- 
tive to day light and was kept in flasks covered with alumi- 
nium foil . 

T 2 . 2 . Procedure 

_5 The -model dough was prepared in 15 ml Wheaton tubes from 1 g 

of Corde Noir flour and 20 mg NaCl to which was added 0, 
3,470 and 5,205 units of purified galactose oxidase per kg 
flour, : respectively in combination with 0, 2,500 and 5,000 
ppm, respectively of P70, and water ad 3 ml . A blank without 

10 flour and enzyme was also analyzed. The mixtures were agi- 
tated for 10 minutes. 

Subsequently, 5 ml of reagent (ii) was added and the tubes 
were covered to prevent exposure to day light and agitation 
was continued for 10 minutes. 2 ml of the resulting reaction 
15 mixture was transferred to a 3 ml centrif ugation tube and 

centrifuged at 10,000 x g for 10 minutes. 0.100 ml aliquots 
of the resulting supernatant were transferred to Elisa plates 
and OD at 42 0 nm was measured. 

The measurement was carried out essentially in accordance 
20 with the colorimetric method of Ellman (1958) as also 

described in Cereal Chemistry, 19 83, 70, 22-26. This method 
is based on the principle that DTNB reacts with thiol groups 
in the dough to form a highly coloured anion of 2-nitro-5- 
mercapto- benzoic acid, which is measured using a 
25 spectrophotometer at 420 nm. 

3.2.3. Results 

Assuming that the relative change of the amount of thiol 
groups in a dough is reflected as the change in the optical 
density (OD) resulting from the reaction between thiol groups 
30 and DTNB in the dough, the following results (average of two 
determinations) were obtained: 
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Pectolase 

O CO A - 1 C\ 

23^4 - f V 


Galactose oxidase 
2524-122-2 


Thiol 


ppm 


U/kg flour 


/xmol/g flour 


A 
\J 


0 


0.714 


2500 


0 


0.657 


5000 


0 


0.650 


0 


3470 


0.433 


2500 


3470 


0.407 


5000 


3470 


0.313 


0 


5205 


0.213 


2500 


5205 


-0.068 


5000 


5205 


-0.071 



Thus, this experiment showed a significant decrease in the 
content of free thiol groups which was proportionate to the 
15 amount of galactose oxidase added. When P70 was added the 

decrease in the content of free thiol groups was significant- 
ly higher at a lower concentration of galactose activity, 
indicating that there is an interactive effect between P70 
and galactose oxidase. 



20 EXAMPLE 4 

. , r T ^ mm pnt of t no ^riflc volume of bread by adding 
r i a ^ S p nxid^p and P70 fn the dough 

Doughs were prepared from 40 g flour, 300 mg lyophilised 
yeast, 20 ml 4.4% NaCl. Enzyme solutions (see table 4.1) were 

25 added' hereto. A dough prepared without added enzyme solution 
served as a control. The doughs were mixed for 5 minutes 
followed by resting for 5 minutes before dividing into 3 
pieces each of about 15 g. Subsequently, the doughs were 
proofed for 30 minutes at 25»C and 80-85% RH, followed by 

30 moulding and shaping and placed in pans before proofing for 2 



# 
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^ orop a nd 80-85% RH. Two of the thus 
hnurs and 30 minutes at 25°C ana bu 

hours ana ^ 250°C for 7 minutes to 

ately for subsequent biochemical analysis. 

5 The stickiness of the dough was evaluated after 40 minutes 
after addition of the enzyme solution and the urease- 
^eclf ic bread volume was calculated as the « 
volume in percentage compared to the volume of a loaf pre- 
yed from the dough without enzyme solution added. 

10 The results of the experiment are summarized in table 4.1 
below. 

- n>f rifi r nf -1 oaves p repared 

15 lrq flQUr) 



20 




. • * „ alaet0 fle oxidase (150 U/kg) alone had no 
25 The addition of galactose oxiuas mialit . v 
effect on the increase of the specific volume or the Quality 
of t„e bread, addition of P70 ,250 alone drd result m 

an increase of the specific volume, however, thrs was fol- 
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lowed by a decrease in the dough quality as the dough was 
found very sticky. 

It is evident from the above table that the addition of 
galactose oxidase and P70 had an increasing effect on the 
5 specific volume as compared to bread baked without addition 
of enzymes. The largest increase in specific volume was found 
with the addition of 375 /xl P70 per kg flour and 338 U 
galactose oxidase per kg flour. However, this increase was 
followed by a decrease in dough quality as the dough was 
10 found to be sticky. The best results with regard to both 

specific volume and quality of the dough were obtained with 
the addition of 250 /a/*3 and 150 U/k 9 9 alactose oxidase. 

A| o Th P gffP-t- nf P70 anri aala r fnas oxidase on different 
types of flour. 

15 Using the method describe^ in 3.1, the effect on the specific 
volume and stickiness of fiko (250 fil/kg flour) and galactose 
oxidase (150 U/kg flour) ids tested using 8 different flours. 
/ The results are shown in talkie 4.2 below. 
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. xmr— ^ ^ ™»Hfir volumes of 1 orvpb prepared 
^ , 1mT - cioug- ^ T r io^n^ with galactosP oxiciase (150 
TT| ^ „h Pactol 1 1 1. ■ n'Vnin ^ ^ 

flour! 



10 



.15 



20 



25 



Flour 


Specific volume 
increase (%) 


Stickiness 


The see 


18 




Camp Remi 


15 




Paris 


12 




Soisson 


10 




Arminda 


9 




Annecy 


9 




Tremie 


8 


+ 




6 





30 



From these results, it is evident that the applied dosages of 
P70 and galactose oxidase resulted in an increase of the 
specific volume for all of the tested types flour. All doughs 
were found to be non-sticky except the dough prepared from 
Tremie flour. However, the control dough prepared from Tremie 
flour without enzymes added was also found to be sticky. 

a , Th P effe ^ ^ araWn n f— ng ^ aaP on thP gp^Mfic volume 
^ mialit y *™»* nrrn.rerl from ThPBee flour. 

It has been shown in Example 1 that arabinofuranosidase 
acting on arabinogalactan is capable of producing substrate 
for galactose oxidase. Doughs were prepared as described 
above and different combinations of the enzymes galactose 
oxidase, Grindamyl S 100 (Danisco Ingredients) and arabinofu- 
ranosidase were added hereto, see Table 4.3 and the effect on 
the specific volume and stickiness was determined. As a 
control was used dough made from Thesee flour and to which 
was added glucose oxidase and Grindamyl S 100. 
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Results are shown in Table 4.3 below. 

rr.Hi^ 4.3. ™* pff fle t T^n^ie volumes and dough quality 

hrp,rt nr errpH from t^^p flour doughs supplemented with 
^■» a ^n«« nxi^ OQ m/ka flour) Oriudamyl g 100 (ppm) and 
arabinofnranosid a«fi (U/ka flour).. 



20 



25 



30 



Enzymes 


Specific volume 
increase (%) 


Stickiness 


Grindamyl S 100 500 ppm 


19 


++++ 


Arabinofuranosidase 30 U 


0 




Grindamyl S 100 500 ppm 
Arabinofuranosidase 30 U 
Galactose oxidase 150 U 


19 


++ 


Grindamyl S 100 500 ppm 
Arabinofuranosidase 100 U 
Galactose oxidase 150 U 


18 


+++ 


Grindamyl S 100 500 ppm 
Galactose oxidase 150 U 


20 


+ 


Grindamyl S 100 500 ppm 
Glucose oxidase 100 ppm 


22 


++ 



Grindamyl S 100 is known to result in an increase of the 
specific volume of the bread when applied to the dough. As 
the above results show this enzyme has the negative side 
effect of producing extremely sticky doughs. As can be seen 
from the above results, this side effect can be reduced 
significantly by the addition of galactose oxidase. The addi- 
tion of arabinofuranosidase did not reduce the stickiness of 
the dough. 

The increase in specific volume observed with the addition of 
Grindamyl S 100 (500 ppm) and galactose oxidase (150 U/kg 
flour) is equivalent to that obtained with the addition of 
Grindamyl S 100 (500 ppm) and glucose oxidase (100 ppm) 
however, the doughs containing galactose oxidase were found 
to be less sticky. 



